Background To assess the short-term impact of a comprehensive, community-based multilevel intervention on knowledge, beliefs and practices with respect to smoking, physical activity and diet in Hangzhou, China. Methods A non-randomised, controlled, before-after quasi-experimental trial was conducted in two intervention areas and one comparison area. The intervention built on a socioecological framework and took place across four settings: neighbourhoods, schools, workplaces and community health centres. Two independent cross-sectional surveys of adults aged 18-64 years at baseline and a subsequent follow Conclusions After a 2-year intervention, beneficial changes were noted in the intervention areas with respect to smoking and physical activity but not diet. A community-based multilevel intervention programme is feasible in urban China.
ABSTRACT
Background To assess the short-term impact of a comprehensive, community-based multilevel intervention on knowledge, beliefs and practices with respect to smoking, physical activity and diet in Hangzhou, China. Methods A non-randomised, controlled, before-after quasi-experimental trial was conducted in two intervention areas and one comparison area. The intervention built on a socioecological framework and took place across four settings: neighbourhoods, schools, workplaces and community health centres. Two independent cross-sectional surveys of adults aged 18- Conclusions After a 2-year intervention, beneficial changes were noted in the intervention areas with respect to smoking and physical activity but not diet. A community-based multilevel intervention programme is feasible in urban China.
BACKGROUND
China is undergoing a rapid rise in the burden of non-communicable diseases (NCDs). [1] [2] [3] One of the major forces is the rapid increase in high-risk lifestyle behaviours such as smoking, unhealthy diet and insufficient physical activity (PA). 3 Since the early 1970s, a number of community-based intervention (CBI) programmes have sought to promote risk-reducing lifestyle changes in several industrialised countries. 4 These programmes emphasise the fact that merely providing riskreduction measures for clinically high-risk individuals in health service settings has only a limited impact on the entire country. By contrast, if the population as a whole was targeted, even modest changes to risk factors and a heart-healthy lifestyle would potentially generate a huge public health impact. 5 Many researchers are increasingly interested in developing, implementing and evaluating multilevel intervention based on socioecological models [6] [7] [8] [9] which are believed to be most likely to achieve substantial and sustained change.
Although there is sufficient knowledge about 'what should be done' to address the leading NCDs and their underlying risk factors, the key question at present is how can our existing knowledge of NCDs best be applied to effective prevention in real-life situations in different social and cultural environments and their particular political and organisational systems? 5 Rather than proceeding with a large-scale effectiveness test in a developing country with limited resources, a more appropriate research initiative would be to adapt a 'proven' intervention to new settings and determine its impact on significant outcomes. 10 Additionally, although numerous CBI programmes have been undertaken, there is a clear need for well-designed evaluations of combined community interventions, especially in developing contries. 11 12 Community Interventions for Health (CIH) is a multinational collaboration programme of the Oxford Health Alliance that took place in China, India and Mexico during its pilot phase (2008) (2009) (2010) (2011) (2012) . CIH relies on comprehensive community-based multilevel interventions to improve knowledge, beliefs and practices regarding smoking, PA and diet. 13 CIH seeks to identify effective, feasible and culturally acceptable strategies for implementation in each site. In contrast to traditional epidemiological designs, which generally focus exclusively on cause and effect, CIH is designed as an action-oriented research project with an extensive evaluation component that is intended to promote replication.
The Chinese site for CIH during the pilot phase was located in Hangzhou city. This article sought
Open Access Scan to access more free content to assess whether more favourable changes occurred in knowledge, beliefs and practices with respect to smoking, PA and diet in the intervention areas compared with the comparison area in Hangzhou. The primary hypotheses in this analysis are that exposure to multilevel intervention would (1) decrease the prevalence of current smoking and the average exposure to secondhand smoke; (2) increase the average consumption of healthy fruits and vegetables (FVs); and (3) increase PA levels.
METHODS
The study design and rationale for the intervention and evaluation methods that were employed in the CIH programme have been described elsewhere. 13 Briefly, a comprehensive CBI trial to improve knowledge, beliefs and practices with respect to smoking, PA and diet was conducted using a non-randomised, controlled, before-after quasi-experimental evaluation design. Three adjacent districts located in a central geographical location of Hangzhou were included in the CIH programme.
14 Xiacheng district and Gongshu district were selected as the intervention areas. Xihu district served as the comparison area. Informed consent ensuring privacy and confidentiality was obtained from the participants.
Interventions
A 2-year intervention programme was begun in mid-2009 in the intervention areas and continued until mid-2011. Four primary intervention strategies were employed in the CIH programme: community mobilisation, structural change, health education and social marketing. To reach individuals where they lived, worked, learned and received care, the interventions occurred across four settings, including neighbourhoods, schools, workplaces and community health centres. 13 The International Evaluation Study Coordination Centre summarised evidencebased practices based on an extensive literature review and provided guidance for implementing and adapting interventions across all country sites and settings. We reviewed the baseline findings regarding this topic and tailored the interventions to the specific needs and priorities of Hangzhou. For example, the baseline findings indicated that high-risk lifestyle profiles were more prevalent among people in the 40-49 years age group. 14 Therefore workplace health intervention offered several advantages in that a substantial number of the working population can be reached and multiple levels of influence on behaviour can be targeted. Meanwhile school-based interventions for health could also provide opportunities to increase positive influences of children on their middle-aged parents.
The socioecological model was used as a framework for developing multilevel intervention (table 1). The intervention activities were implemented mainly by local staff of the district Centres for Disease Control and Prevention, doctors of community health centres, community public health assistants, school doctors and worksite clinic doctors. Xihu district, as the comparison area, followed routine practices for NCD prevention and control and received no intervention activities that were specific to the CIH programme. Routine practices typically include distributing messages related to healthy lifestyles and NCDs through various community-based channels on a small scale, providing free screening and medical consultation for major NCDs, holding community-wide events on special days, implementing and enforcing smoking bans and restrictions and training health professionals.
Evaluation design
The short-term impact evaluation was conducted through two independent surveys of cross-sectional samples in the intervention and comparison areas. We conducted the baseline survey in Hangzhou from October 2008 to August 2009, which was before the start of the intervention. We conducted the follow-up survey from June 2011 to February 2012, which was after the 2-year intervention. Although the baseline and follow-up surveys did not happen exactly at the same time of the year, both of them went through seasons with similar weather conditions. The baseline and follow-up surveys were independent and equal in size. The same sampling design was used for the baseline and follow-up surveys.
14 The eligible subjects were individuals aged 18-64 years who had lived in the local district for at least 1 year. A simple random sample of households was taken from the lists of community households of three districts. One of the eligible persons in the sampled households was identified to finish a questionnaire survey using the Kish method, which is based on a full listing of all eligible persons in the household by age and gender. 15 All interviewers were asked to have a maximum of three door-to-door visiting attempts per sampled household, including three different days and at least one night attempt. Face-to-face interviews were conducted by trained interviewers.
Measures and variables
The core development team of CIH designed the surveys based on a review of existing reliable surveys. 13 Basic Table 1 Brief descriptions of the multilevel interventions based on the socioecological model of health
Level
Practical applications-examples from CIH Individual (intrapersonal) ▸ Distributing health-related messages through various channels; ▸ Distributing tools for a healthy lifestyle including salt spoons and oil pots; ▸ Providing free disease screening and risk assessment for cardiovascular disease; ▸ Providing physical fitness testing;
Social environment (interpersonal)
▸ Encouraging health professionals to screen and give prescription for health; ▸ Starting a walking club; ▸ Increasing positive interaction between parents and children to promote healthy lifestyle; Physical environment ▸ Implementing a smoke-free worksite initiative; ▸ Implementing and enforcing smoking bans and restrictions in public areas; ▸ Using point-of-decision prompts to increase stair use; ▸ Organising work-break exercises, sports competitions, mountain-climbing events and sports interest groups; ▸ Building walking trails with stone distance markers along the canal and in the community park; ▸ Building health theme parks; ▸ Initiation of a public bicycle service system; ▸ Healthy cooking intervention in restaurants and workplace cafeteria; ▸ Making health-related or calorie information of foods available to consumers; Policy environment ▸ Smoke control ordinance in public places of Hangzhou; ▸ Policy and planning for healthy city movement and enhancing public transportation.
CIH, Community Interventions for Health.
sociodemographic information was collected from all of the participants, including age, sex, education and household assets. The definitions and grouping method for this information have been described elsewhere. 14 Self-reported engagement in any intervention activities was included in the follow-up survey and analysed in this article.
Responses to questions that addressed knowledge, attitudes and behaviour in relation to lifestyle issues were scored. The rules for the score calculation are shown in table 2. The consumption frequency score for eating vegetables (or fruit) was multiplied by the score for the serving size, and the total of the two derived scores generated a summary score for FV consumption. Current smoking status of manufactured cigarettes and secondhand smoke (SHS) in a typical day were asked. Subjects were also asked to select locations where they had seen anyone smoking inside in the past 30 days. The scores for the individual locations were added to produce a summary score.
PA was assessed with questions from the short form of the International Physical Activity Questionnaire (IPAQ), which has reasonable measurement properties for monitoring population levels of PA among 18-65-year-old adults in diverse settings 16 and can be used internationally to obtain comparable estimates of PA. The IPAQ assesses PA undertaken across a comprehensive set of domains including (1) leisure time PA; (2) domestic and gardening activities; (3) work-related PA; (4) transport-related PA. The IPAQ short form asks about three specific types of activity undertaken in the four domains mentioned above, that is, walking, moderate-intensity activities and vigorous-intensity activities. Following the IPAQ scoring protocol, 17 we yielded a combined total score in metabolic equivalent of physical activity (MET)-minutes per week for all of the walking, moderate PAs and vigorous PAs that had occurred during the previous 7 days. We precisely followed the recommended categorical scoring system 17 to create three levels of PA: low, moderate and high.
14 
Statistical analyses
We used Stata/MP V.12.1 for Windows (StataCorp LP, Texas, USA) for analysis. 18 Design-based approach was used to analyse this complex survey data, which involved district-based stratification and unequal sampling probabilities among three districts. The module specific for survey data analysis in Stata was employed. The sampling weights were calculated by taking the inverse of the sampling fraction in each of three districts at baseline and follow-up. Stata lacks non-parametric procedures for complex survey data. We then replaced the variable which was interval but not normally distributed (ie, PA score in MET-minutes per week) with their ranks, then applied the usual parametric methods. The ordered logistic regression for survey data was used to compare differences between two independent groups if the dependent variable was ordinal.
RESULTS
A total of 2016 adults at baseline and 2016 adults at follow-up completed the survey, including 1016 adults from the intervention areas and 1000 from the comparison area. Table 3 presents the general characteristics of the study participants. There were no significant differences in sociodemographic characteristics between baseline and follow-up surveys in the intervention areas, and also in the comparison area except for older age at follow-up in the comparison area. Relative to the individuals in the comparison area, the individuals in the intervention areas demonstrated a higher mean age at baseline, a lower education level and a lower socioeconomic status; in addition, in the intervention areas there was a lower proportion of household-owned cars than in the comparison area. Table 4 indicates self-reported engagement in any intervention activities during the 12 months prior to the follow-up survey. More people in the intervention areas (87.8%) than in the comparison area (78.6%) saw or participated in the mentioned events or activities. Higher proportions of self-reported engagement were found in the intervention areas than in the comparison area in 11 out of the 12 intervention activities. More than 40% of the participants in the intervention areas reported that they had ridden a public bicycle (47.1%), noticed a point-of-decision prompt encouraging the use of stairs (46.9%), seen a form of health information material (43.9%), or observed one of the distance marker or health signs installed on the footpath (41.4%). The three most significant differences in the engagement of intervention activities were with respect to observing distance markers and health signs (41.4% vs 23.1%), noticing point-of-decision prompts encouraging the use of stairs (46.9% vs 29.3%), and receiving tools to promote the control of salt, oil and weight (37.9% vs 20.6%). Table 5 indicates the results for knowledge, beliefs and practices with respect to three major lifestyle factors in the intervention and control areas for the baseline and follow-up surveys. Over the 2-year intervention period, tobacco-related knowledge and beliefs improved in the intervention and comparison areas. The improvements were significantly larger in the comparison area (mean score from 5.21 to 6.38) than in the intervention areas (mean score from 4.97 to 5.74). The score for diet-related knowledge and belief declined from 1.98 to 1.68 in the intervention areas and did not change in the comparison area. The score for PA-related knowledge and belief declined slightly in the intervention (from 5.38 to 5.04) but not in the comparison area.
FV consumption increased in the intervention areas (mean score from 24.8 to 26.0) and the comparison area (mean score from 24.3 to 26.7). The metabolic equivalent of PA and the proportion of IPAQ categories indicated a higher level of PA in the intervention areas compared with the comparison area. The level of PA (MET-min/week) increased from 1204 to 1386 in the intervention areas after the 2-year intervention.
The prevalence of current cigarette smoking at baseline was higher in the intervention areas (25.2%) than in the comparison area (18.0%). The intervention areas showed a statistically significant decline of 25.8% (from 25.2% to 18.7%) in the prevalence of smoking during the follow-up. The prevalence of smoking among women was very low. The prevalence of smoking among men also demonstrated a statistically significant reduction in the intervention areas, from 48.7% to 38.7%. The Table 3 The general characteristics of the study participants in the intervention and comparison areas according to the baseline and follow-up surveys *Results were presented as mean±SE or percentage±SE. †Statistical tests for differences between intervention and comparison areas in the baseline (or follow-up) survey. ‡Statistical tests for before-after differences in the intervention (or comparison) areas. FV, fruit and vegetable; IPAQ, International Physical Activity Questionnaires; MET, metabolic equivalent of physical activity; SHS, secondhand smoke.
places in which people observed smoking decreased in the intervention and comparison areas. Non-smokers' exposure to SHS in the intervention and comparison areas declined during the follow-up.
DISCUSSION
This is the first comprehensive CBI programme with rigid evaluation in urban China, which was based on the best available evidence on intervention practices and addressed knowledge, attitudes and behaviour with respect to three major lifestyle issues in a general population. After the implementation of a 2-year multilevel intervention in four settings, beneficial changes were noted in smoking and PA, but not in diet, in the intervention areas compared with the comparison area. It has been proved that smoking bans and restrictions reduce exposure to SHS 19 and tobacco use among workers when these restrictions are implemented in worksites or by communities. 20 A Smoke Control Ordinance in Public Places of Hangzhou officially took effect on 1 March 2010. This ordinance prohibits smoking in 10 types of public places and limits smoking in nine types of public places. Our study demonstrated a statistically significant improvement in tobacco-related knowledge and beliefs and a decrease in exposure to SHS for the intervention and comparison areas and a 25.8% decline in the current smoking prevalence for the intervention areas after a 1-year implementation of a city-wide smoking ban. The national standardised prevalence of smoking among adults between the ages of 15 years and 69 years in China demonstrated a slight improvement, from 28.5% in 2002 to 27.9% in 2010. 21 Compared with national trends, the introduction of smoke-free legislation appears to be effective in this city. The legislation is city-wide, but only the intervention areas exhibited a decline in the prevalence of smoking. One possible explanation is that antismoking legislation was incorporated into a multicomponent community and workplace intervention in the intervention areas, which was more effective than the strictly legislation-based approach that occurred in the comparison area. A relatively low level of smoking prevalence may also explain the lack of a significant decrease in smoking in the comparison area. However, the reduction in the smoking prevalence among men in the intervention areas was quite large over just a 2-year period. Another possible explanation is that less nicotine-dependent smokers tend to change their behaviours responding to tobacco cessation interventions, and thus, more dependent smokers are likely to remain in a population with lower smoking prevalence. The difference in before-after changes between intervention and comparison areas may be partly explained by the difference in the proportion of less nicotine-dependent smokers. More analyses and continued monitoring of population-level smoking are needed to address this issue.
Three categories of intervention that have been proven to be effective in promoting levels of PA 22 were involved in this programme, including point-of-decision prompts to encourage the use of stairs, environmental interventions targeting the built environment and mass media campaigns. This combined approach may partially explain the positive change in PA noted in our study. However, integrated CBI programmes are comprehensive packages in which different types of feasible activities are combined to produce a synergistic effect. 5 Thus, we may not be able to identify the effect of each component. Environmental and policy approaches are often difficult and require a longer time to implement than informational approaches. Hangzhou was experiencing enormous changes, including the initiation of a public bicycle service system on 1 May 2008 and the construction of walking trails with stone distance markers. This situation provided us an opportunity to evaluate the short-term impact of these environmental changes on individual PA. The public bicycle service system covers the entire city. However, a higher proportion of subjects in the intervention areas than in the comparison area reported having ridden public bicycles. Higher socioeconomic status and higher car ownership in the comparison area may explain this area's lower use of public bicycles. The promotion of walking and cycling as part of transport may be more effective for lower socioeconomic groups than for more affluent populations. 23 A before-after mean difference of 182 MET-min/week in the intervention areas might be translated to an increase of 6.5 min of moderate PA per person per day. Small as they are, moderate and achievable change by the population as a whole might greatly reduce the number of people with conspicuous problems. 24 The informational and educational approaches were used as the main strategies on our dietary interventions. Unfortunately, no positive change in FV consumption could be attributed to our intervention efforts. Modern lifestyle and time restrictions have contributed to a significant increase in food consumption away from home [25] [26] [27] and an increasing dependence on commercial packaged foods. However, foods cooked at restaurants and commercially packaged foods are outside of individuals' control. To reach large general populations and to achieve and sustain the adoption of healthy eating across the population, policy and environmental strategies are required, which has not been achieved in our short intervention period. In addition, food safety issues have received high-level public and political attention in China. 28 Concerns about food safety overwhelm concerns about healthy food.
We acknowledge the limitations of this programme. First, theoretically, the comparison area should be sufficiently geographically distant from the intervention areas to minimise contamination of the intervention. However, the districts and counties in Hangzhou that were located farther away from the intervention areas were less similar to the intervention areas with respect to urban development. Therefore, this selection of study areas that was in close geographic proximity increased the possibility of contamination between the intervention and comparison areas. Furthermore, it is politically difficult to persuade the local government to agree to avoid engaging in any prevention activities during the course of the study. 29 The comparison area was allowed to follow routine practices for NCD prevention and control.
Second, the intervention and comparison areas were different in some population characteristics. It is difficult to achieve good comparable basic characteristics between intervention and comparison groups with less number of communities. Our study units were established at the district level. Few districts in the same city were available for this project. This limitation increases the complexity in explaining our results. Thus we aimed to present the changes of different characteristics of districts having experienced different intervention activities in this article.
Third, one of the most difficult aspects of community-level programmes is ensuring sufficient penetration throughout a community to attain a population-level impact. 30 In our study, no single intervention activity was reported by more than half of the subjects. The difficulty of engaging large proportions of a population in interventions may prevent an impact beyond the secular trend towards improvement. All of the aforementioned issues may reduce the apparent intervention effects of the programme. Despite these limitations, we identified beneficial effects favouring the intervention areas in smoking and PA.
The CIH programme did not use a standardised intervention protocol. The interventions were chosen to match local needs and capabilities. Interventions that are culturally, environmentally and socially appropriate are far more likely to be implemented and sustained. The implementation of interventions was based on the existing local system for the prevention and control of NCDs instead of a one-off recruitment of programme staff. All of the programme-specific interventions were integrated into local routine practices in NCD prevention and control. We did not pursue the highest intervention intensity but rather an appropriate intensity at which the intervention activities could be sustained with the existing local resources and workforce after the completion of this programme's funding.
What is already known on this subject
Although there is sufficient knowledge about 'what should be done' to address the leading non-communicable diseases (NCDs) and their underlying risk factors, the key question at present is how can our existing knowledge of NCDs be best applied to effective prevention in real-life situations in different social and cultural environments and their particular political and organisational systems?
What this study adds ▸ A community-based multilevel intervention programme is feasible in urban China. ▸ After a 2-year intervention, beneficial changes were noted in the intervention areas with respect to smoking and physical activity but not diet.
